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Description
FIELD
[0001] The presentdisclosure relates generally to car-

go handling systems and, more particularly, to power
drive units and control systems used to transport cargo
in cargo handling systems.

BACKGROUND

[0002] Cargo handling systems for aircraft typically in-
clude various tracks and rollers disposed on a cargo deck
that spans the length of a cargo compartment. Cargo
may be loaded from an entrance of the aircraft and trans-
ported by the cargo system to forward or aft locations,
depending upon the configuration of the aircraft. Cargo
handling systems, such as, for example, those used on
aircraft for transport of heavy containerized cargo or pal-
lets, also referred to herein as unit load devices (ULDs),
typically include roller trays containing transport rollers
that support and transport the containerized cargo or pal-
lets. Motor driven rollers are typically employed in these
systems. In certain aircraft, a plurality of motor driven
power drive units (PDUs) is used to propel the containers
or pallets within the cargo compartment. This configura-
tion facilitates transportation of the containers or pallets
within the cargo compartment by one or more operators
or agent-based systems controlling operation of the
PDUs.

SUMMARY

[0003] A cargohandling systemisdisclosed. In various
embodiments, the cargo handling system includes a con-
veyance surface; a first power drive unit having a first
drive roller; a first restraint device; one or more sensors
configured to provide positional data corresponding to a
current location of a unit load device on the conveyance
surface; and a first power drive unit agent configured for
communication with the one or more sensors, the first
power drive unit agent configured to selectively activate
and deactivate the first drive roller and the first restraint
device based on the positional data.

[0004] Particularembodiments of the invention may in-
clude any of the following features, alone or in combina-
tion.

[0005] In various embodiments, a second power drive
unit is includes and a second power drive unit agent is
configured for communication with the one or more sen-
sors, the second power drive unit agent being configured
to selectively activate and deactivate a second drive roller
based on the positional data.

[0006] In various embodiments, a second restraint de-
vice is included and the second power drive unit agent
is configured to selectively activate and deactivate the
second drive roller and the second restraint device based
on the positional data.
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[0007] In various embodiments, a wireless network is
configured to connect a wireless mobile operator inter-
face device to the first power drive unit agent.

[0008] In various embodiments, a second power drive
unit is includes and a second power drive unit agent is
configured for communication with the one or more sen-
sors and with the wireless mobile operator interface de-
vice.

[0009] In various embodiments, the wireless network
comprises a wireless relay configured to connect the
wireless mobile operator interface device and the first
power drive unit agent and the second power drive unit
agent.

[0010] Invarious embodiments, atleast one of a power
line communication bus and a controller area network
bus is configured to connect the wireless relay to the first
power drive unit agent and the second power drive unit
agent.

[0011] In various embodiments, an alternating-to-di-
rect current conversion module is configured to provide
a first source of direct current to the first power drive unit
agent and the second power drive unit agent.

[0012] In various embodiments, the alternating-to-di-
rect current conversion module is configured to provide
a second source of direct current to a wireless network.
[0013] In various embodiments, a power and commu-
nication interface is configured to receive maintenance
data from the first power drive unit agent and the second
power drive unit agent.

[0014] In various embodiments, the power and com-
munication interface is configured to receive the mainte-
nance data and a source of alternating current over a
combined power and data bus.

[0015] In various embodiments, a wireless network is
configured to connect a wireless mobile operator inter-
face device to the first power drive unit agent and to the
second power drive unit agent.

[0016] A method for storing and restraining cargo is
disclosed. In various embodiments, the method includes
the steps of generating a first goal location to store and
restrain a first cargo; transmitting the first goal location
to a plurality of power drive unit agents associated with
a plurality of power drive units; transmitting sensor data
regarding a current location of the first cargo to the plu-
rality of power drive unitagents; activating by one or more
of the plurality of power drive unitagents afirst drive roller
associated with a first one of the plurality of power drive
units to move the first cargo toward the first goal location;
sequentially activating subsequent drive rollers associ-
ated with subsequent ones of the plurality of power drive
units to move the first cargo to the first goal location; and
activating by one or more of the plurality of power drive
unitagents afirstrestraintdevice to restrain thefirstcargo
to the first goal location.

[0017] Particularembodiments of the invention may in-
clude any of the following features and may include any
of the feature laid out above, alone or in combination.
[0018] In various embodiments, the method further in-
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cludes generating a second goal location to store and
restrain a second cargo; transmitting the second goal
location to the plurality of power drive unit agents; acti-
vating by one or more of the plurality of power drive unit
agents a first drive roller associated with a first one of the
plurality of power drive units to move the second cargo
toward the second goal location; sequentially activating
drive rollers associated with the plurality of power drive
units to move the second cargo to the second goal loca-
tion; and activating by one or more ofthe plurality of power
drive unit agents a second restraint device to restrain the
second cargo to the second goal location.

[0019] In various embodiments, the step of transmit-
ting the first goal location to the plurality of power drive
unit agents associated with the plurality of power drive
units includes a wireless network configured to connect
a wireless mobile operator interface device and the plu-
rality of power drive unit agents.

[0020] A system for storing and restraining cargo on a
cargo deck is disclosed. In various embodiments, the
system includes a conveyance surface positioned prox-
imate the cargo deck; a plurality of power drive units,
each having associated therewith a drive roller; a plurality
of restraint devices; one or more sensors configured to
provide positional data corresponding to a current loca-
tion of a unit load device on the conveyance surface; and
a plurality of power drive unit agents configured for com-
munication with the one or more sensors, the plurality of
power drive unit agents configured to selectively activate
and deactivate the drive roller associated with each of
the plurality of power drive units and the plurality of re-
straint devices based on the positional data.

[0021] Particularembodiments of the invention may in-
clude any of the following features and may include any
of the feature laid out above, alone or in combination.
[0022] In various embodiments, a wireless network is
configured to connect a wireless mobile operator inter-
face device to the plurality of power drive unit agents.
[0023] In various embodiments, the wireless network
comprises a wireless relay configured to connect the
wireless mobile operator interface device and the plural-
ity of power drive unit agents via at least one of a power
line communication bus and a controller area network
bus.

[0024] In various embodiments, an alternating-to-di-
rect current conversion module is configured to provide
a first source of direct current to the plurality of power
drive unit agents and a second source of direct current
to the wireless network.

[0025] In various embodiments, a power and commu-
nication interface is configured to receive maintenance
data from the plurality of power drive unit agents and a
source of alternating current over a combined power and
data bus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The subject matter of the present disclosure is
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particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.

FIG. 1A illustrates a schematic view of an aircraft
being loaded with cargo, in accordance with various
embodiments;

FIG. 1B illustrates a portion of a cargo handling sys-
tem, in accordance with various embodiments;
FIG. 2 illustrates a portion of a cargo handling sys-
tem, in accordance with various embodiments;
FIGS. 3A and 3B illustrate a schematic view of a
cargo deck having a cargo handling system with a
plurality of PDUs, in accordance with various em-
bodiments;

FIG. 4 illustrates an agent-based control system for
controlling a cargo handling system, in accordance
with various embodiments; and

FIG. 5 illustrates a method describing control and
operation of an agent-based control system in ac-
cordance with various embodiments.

DETAILED DESCRIPTION

[0027] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that changes
may be made without departing from the scope of the
disclosure. Thus, the detailed description herein is pre-
sented for purposes of illustration only and not of limita-
tion. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connect-
ed, or the like may include permanent, removable, tem-
porary, partial, full or any other possible attachment op-
tion. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. It should also be understood that unless
specifically stated otherwise, references to "a," "an" or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural. Further, all ranges may include upper and
lower values and all ranges and ratio limits disclosed
herein may be combined.

[0028] With reference to FIG. 1A, a schematic view of
an aircraft 10 having a cargo deck 12 located within a
cargo compartment 14 is illustrated, in accordance with
various embodiments. The aircraft 10 may comprise a
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cargo load door 16 located, for example, at one side of
a fuselage structure of the aircraft 10. A unit load device
(ULD) 20, in the form of a container or pallet, for example,
may be loaded through the cargo load door 16 and onto
the cargo deck 12 of the aircraft 10 or, conversely, un-
loaded from the cargo deck 12 of the aircraft 10. In gen-
eral, ULDs are available in various sizes and capacities,
and are typically standardized in dimension and shape.
Once loaded with items destined for shipment, the ULD
20 is transferred to the aircraft 10 and then loaded onto
the aircraft 10 through the cargo load door 16 using a
conveyor ramp, scissor lift or the like. Once inside the
aircraft 10, the ULD 20 is moved within the cargo com-
partment 14 to afinal stowed position. Multiple ULDs may
be brought on-board the aircraft 10, with each ULD 20
being placed in a respective stowed position on the cargo
deck 12. After the aircraft 10 has reached its destination,
each ULD 20 is unloaded from the aircraft 10 in similar
fashion, but in reverse sequence to the loading proce-
dure. To facilitate movement of the ULD 20 along the
cargo deck 12, the aircraft 10 may include a cargo han-
dling system as described herein in accordance with var-
ious embodiments.

[0029] Referring now to FIG. 1B, a portion of a cargo
handling system 100 is illustrated, in accordance with
various embodiments. The cargo handling system 100
is illustrated with reference to an XYZ coordinate system,
with the X-direction extending longitudinally and the Z-
direction extending vertically with respect to an aircraft
in which the cargo handling system 100 is positioned,
such as, for example, the aircraft 10 described above
with reference to FIG. 1A. In various embodiments, the
cargo handling system 100 may define a conveyance
surface 102 having a plurality of trays 104 supported by
a cargo deck 112, such as, for example, the cargo deck
12 described above with reference to FIG. 1A. The plu-
rality of trays 104 may be configured to support a unit
load device (ULD) 120 (or a plurality of ULDs), such as,
for example, the unit load device (ULD) 20 described
above with reference to FIG. 1A. In various embodi-
ments, the ULD 120 may comprise a container or a pallet
configured to hold cargo as described above. In various
embodiments, the plurality of trays 104 is disposed
throughout the cargo deck 112 and may support a plu-
rality of conveyance rollers 106, where one or more or
all of the plurality of conveyance rollers 106 is a passive
roller.

[0030] In various embodiments, the plurality of trays
104 may further support a plurality of power drive units
(PDUs) 110, each of which may include one or more drive
rollers 108 that may be actively powered by a motor. In
various embodiments, one or more of the plurality of trays
104 is positioned longitudinally along the cargo deck 112
- e.g., along the X-direction extending from the forward
end to the aft end of the aircraft. In various embodiments,
the plurality of conveyance rollers 106 and the one or
more drive rollers 108 may be configured to facilitate
transport of the ULD 120 in the forward and the aft direc-
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tions along the conveyance surface 102. During loading
and unloading, the ULD 120 may variously contact the
one or more drive rollers 108 to provide a motive force
for transporting the ULD 120 along the conveyance sur-
face 102. Each of the plurality of PDUs 110 may include
an actuator, such as, for example, an electrically operat-
ed motor, configured to drive the one or more drive rollers
108 corresponding with each such PDU 110. In various
embodiments, the one or more drive rollers 108 may be
raised from a lowered position beneath the conveyance
surface 102 to an elevated position above the convey-
ance surface 102 by the corresponding PDU. As used
with respect to cargo handling system 100, the term "be-
neath" may refer to the negative Z-direction, and the term
"above" may refer to the positive Z-direction with respect
to the conveyance surface 102. In the elevated position,
the one or more drive rollers 108 variously contact and
drive the ULD 120 that otherwise rides on the plurality of
conveyance rollers 106. Other types of PDUs, which can
also be used in various embodiments of the present dis-
closure, may include a drive roller that is held or biased
in a position above the conveyance surface by a spring.
PDUs as disclosed herein may be any type of electrically
powered rollers that may be selectively energized to pro-
pel or drive the ULD 120 in a desired direction over the
cargo deck 112 of the aircraft. The plurality of trays 104
may further support a plurality of restraint devices 114.
In various embodiments, each of the plurality of restraint
devices 114 may be configured to rotate downward as
the ULD 120 passes over and along the conveyance sur-
face 102. Once the ULD 120 passes over any such one
of the plurality of restraint devices 114, such restraint
device returns to its upright position, either by a motor
driven actuator or a bias member, thereby restraining or
preventing the ULD 120 from translating in the opposite
direction.

[0031] In various embodiments, the cargo handling
system 100 may include a system controller 130 in com-
munication with each of the plurality of PDUs 110 via a
plurality of channels 132. Each of the plurality of channels
132 may be a data bus, such as, for example, a controller
area network (CAN) bus. An operator may selectively
control operation of the plurality of PDUs 110 using the
system controller 130. In various embodiments, the sys-
tem controller 130 may be configured to selectively acti-
vate or deactivate the plurality of PDUs 110. Thus, the
cargo handling system 100 may receive operator input
through the system controller 130 to control the plurality
of PDUs 110 in order to manipulate movement of the
ULD 120 over the conveyance surface 102 and into a
desired position on the cargo deck 112. In various em-
bodiments, the system controller 130 may include a gen-
eral purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or some other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof. The cargo handling system 100 may also include
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a power source 126 configured to supply power to the
plurality of PDUs 110 or to the plurality of restraint devices
114 via one or more power busses 128. As described
below, in various embodiments, the system controller
130 may be complimented by or substituted with an
agent-based control system, whereby control of each
PDU and associated componentry - e.g., the restraint
devices - is performed by individual unit controllers as-
sociated with each of the PDUs and configured to com-
municate between each other.

[0032] Referring now to FIG. 2, a PDU 210, such as
for example, one of the plurality of PDUs 110 described
above with reference to FIG. 1B, is illustrated disposed
in a tray 204, in accordance with various embodiments.
The PDU 210 may rotate the drive roller 208 in one of
two possible directions (e.g., clockwise or counterclock-
wise) to propel the ULD in a direction parallel to the lon-
gitudinal axis B-B’ of the tray 204. The PDU 210 may
comprise a unit controller 240, a unit motor 242 and a
drive roller 208 mounted within an interior section 205 of
the tray 204. The drive roller 208 may comprise a cylin-
drical wheel coupled to a drive shaft and configured to
rotate about an axis A-A’. The drive roller 208 may be in
mechanical communication with the unit motor 242,
which may be, for example, an electromagnetic, electro-
mechanical or electrohydraulic actuator or other servo-
mechanism. The PDU 210 may further include gear as-
semblies and other related components for turning or
raising the drive roller 208 so that the drive roller 208 may
extend, at least partially, above a conveyance surface
202 which, in various embodiments, may be defined as
the uppermost surface 203 of the tray 204. Atleast partial
extension of the drive roller 208 above the conveyance
surface 202 facilitates contact between the drive roller
208 and a lower surface of a ULD, such as, for example,
the ULD 120 described above with reference to FIG. 1B.
In various embodiments, the unit controller 240 is con-
figured to control operation of the drive roller 208. The
unit controller 240 may include a processor and a tangi-
ble, non-transitory memory. The processor may com-
prise one or more logic modules that implement logic to
control rotation and elevation of the drive roller 208. In
various embodiments, the PDU 210 may comprise other
electrical devices to implement drive logic. In various em-
bodiments, a connector 244 is used to couple the elec-
tronics of the PDU 210 to a power source and a system
controller, such as, for example, the system controller
130 described above with reference to FIG. 1B. The con-
nector 244 may have pins or slots and may be configured
to couple to a wiring harness having pin programing. The
unit controller 240 may be configured to receive com-
mands from the system controller through the connector
244 in order to control operation of the unit motor 242.
[0033] In addition, a restraint device 214, such as, for
example, one of the plurality of restraint devices 114 de-
scribed above with reference to FIG. 1B, is illustrated as
disposed within the tray 204 and configured to operate
between a stowed position, whereby the ULD may pass
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over the restraint device, and a deployed position (as
illustrated), whereby the ULD is restrained or prevented
from translation in a longitudinal direction (e.g., along a
longitudinal axis B-B’) without the restraint device 214
first being returned to the stowed position. The restraint
device 214 includes a restraint controller 215 and a re-
straint motor 217. In various embodiments, the restraint
device 214 may be in mechanical communication with
the restraint motor 217, which may be, for example, an
electromagnetic, electromechanical or electrohydraulic
actuator or other servomechanism. In various embodi-
ments, the restraint controller 215 is configured to control
operation of the restraint device 214. The restraint con-
troller 215 may include a processor and a tangible, non-
transitory memory. The processor may comprise one or
more logic modules that implement logic to control oper-
ation of the restraint device 214 between the stowed and
the deployed positions.

[0034] Invarious embodiments, the PDU 210 may also
include a radio frequency identification device or RFID
device 246, or similar device, configured to store, trans-
mitor receive information or data - e.g., operational status
or location data. Additionally, a ULD sensor 219 may be
disposed within the tray 204 and configured to detect the
presence of a ULD as the ULD is positioned over or prox-
imate to the PDU 210 or the restraint device 214. In var-
ious embodiments, the ULD sensor 219 may include any
type of sensor capable of detecting the presence of a
ULD. For example, in various embodiments, the ULD
sensor 219 may comprise a proximity sensor, a capaci-
tive sensor, a capacitive displacement sensor, a Doppler
effect sensor, an eddy-current sensor, a laser rangefind-
er sensor, a magnetic sensor, an active or passive optical
sensor, an active or passive thermal sensor, a photocell
sensor, a radar sensor, a sonar sensor, a lidar sensor,
an ultrasonic sensor or the like.

[0035] Referring now to FIG. 3A, a schematic view of
a cargo handling system 300 positioned on a cargo deck
312 of an aircraftis illustrated, in accordance with various
embodiments. The cargo deck 312 may comprise a plu-
rality of PDUs 310, generally arranged in a matrix con-
figuration about the cargo deck 312. Associated with
each of the plurality of PDUs 310 may be one or more
drive rollers 308 and a restraint device 314. In various
embodiments, the plurality of PDUs 310, the one or more
driverollers 308 and the restraint device 314 share similar
characteristics and modes of operation as the PDU 210,
drive roller 208 and restraint device 214 described above
with reference to FIG. 2. Each of the one or more drive
rollers 308 is generally configured to selectively protrude
from a conveyance surface 302 of the cargo deck 312 in
order to engage with a surface ofa ULD 320 asitis guided
onto and over the conveyance surface 302 during loading
and unloading operations. A plurality of conveyance roll-
ers 306 may be arranged among the plurality of PDUs
310 in a matrix configuration as well. The plurality of con-
veyance rollers 306 may comprise passive elements, and
may include roller ball units 351 that serve as stabilizing
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and guiding apparatus for the ULD 320 as it is conveyed
over the conveyance surface 302 by the plurality of PDUs
310.

[0036] In various embodiments, the cargo handling
system 300 or, more particularly, the conveyance surface
302, is divided into a plurality of sections. As illustrated,
for example, the conveyance surface 302 may include a
port-side track and a starboard-side track along which a
plurality of ULDs may be stowed in parallel columns dur-
ing flight. Further, the conveyance surface 302 may be
divided into an aft section and a forward section. Thus,
the port-side and starboard-side tracks, in various em-
bodiments and as illustrated, may be divided into four
sections - e.g., a forward port-side section 350, a forward
starboard-side section 352, an aft port-side section 354
and an aft starboard-side section 356. The conveyance
surface 302 may also have a lateral section 358, which
may be used to transport the ULD 320 onto and off of
the conveyance surface 302 as well as transfer the ULD
320 between the port-side and starboard-side tracks and
between the aft section and the forward section. The con-
figurations described above and illustrated in FIG. 3 are
exemplary only and may be varied depending on the con-
text, including the numbers of the various components
usedto convey the ULD 320 over the conveyance surface
302. In various embodiments, for example, configura-
tions having three or more track configurations, rather
than the two-track configuration illustrated in FIG. 3, may
be employed.

[0037] Each of the aforementioned sections - i.e., the
forward port-side section 350, the forward starboard-side
section 352, the aft port-side section 354 and the aft star-
board-side section 356 - may include one or more of the
plurality of PDUs 310. Each one of the plurality of PDUs
310 has a physical location on the conveyance surface
302 that corresponds to a logical address within the cargo
handling system 300. For purposes of illustration, the for-
ward port-side section 350 is shown having a first PDU
310-1, a second PDU 310-2, a third PDU 310-3, a fourth
PDU 310-4, a fifth PDU 310-5 and an N-th PDU 310-N.
The aforementioned individual PDUs are located, re-
spectively, at a first location 313-1, a second location
313-2, a third location 313-3, a fourth location 313-4, a
fifth location 313-5 and an N-th location 303-N. In various
embodiments, the location of each of the aforementioned
individual PDUs on the conveyance surface 302 may
have a unique location (or address) identifier, which, in
various embodiments, may be stored in an RFID device,
such as, for example, the RFID device 246 described
above with reference to FIG. 2.

[0038] In various embodiments, an operator may con-
trol operation of the plurality of PDUs 310 using one or
more control interfaces of a system controller 330, such
as, for example, the system controller 130 described
above with reference to FIG. 1B. For example, an oper-
ator may selectively control the operation of the plurality
of PDUs 310 through an interface, such as, for example,
a master control panel (MCP) 331. In various embodi-
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ments, the cargo handling system 300 may also include
one or more local control panels (LCP) 334. In various
embodiments, the master control panel 331 may com-
municate with the local control panels 334. The master
control panel 331 or the local control panels 334 may
also be configured to communicate with or send or re-
ceive control signals or command signals to or from each
of the plurality of PDUs 310 or to a subset of the plurality
of PDUs 310, such as, for example, the aforementioned
individual PDUs described above with reference to the
forward port-side section 350. For example, a first local
control panel LCP-1 may be configured to communicate
with the PDUs residing in the forward port-side section
350, a second local control panel LCP-2 may be config-
ured to communicate with the PDUs residing in the for-
ward starboard-side section 352, and one or more addi-
tional local control panels LCP-i may be in communica-
tion with the PDUs of one or more of the aft port-side
section 354, the aft starboard-side section 356 and the
lateral section 358. Thus, the master control panel 331
or local control panels 334 may be configured to allow
an operator to selectively engage or activate one or more
of the plurality of PDUs 310 to propel the ULD 320 along
conveyance surface 302.

[0039] Invarious embodiments, each of the plurality of
PDUs 310 may be configured to receive acommand from
the master control panel 331 or one or more of the local
control panels 334. In various embodiments, the com-
mands may be sent or information exchanged over a
channel 332, which may provide a communication link
between the system controller 330 and each of the plu-
rality of PDUs 310. In various embodiments, a command
signal sent from the system controller 330 may include
one or more logical addresses, each of which may cor-
respond to a physical address of one of the plurality of
PDUs 310. Each of the plurality of PDUs 310 thatreceives
the command signal may determine if the command sig-
nal is intended for that particular PDU by comparing its
own address to the address included in the command
signal.

[0040] With reference to FIG. 3B, a schematic view of
a portion of the cargo handling system 300 and the cargo
deck 312 is shown in accordance with various embodi-
ments. By way of non-limiting example, the system con-
troller 330 is configured to send a command signal
through the channel 332 to at least the first PDU 310-1
and the second PDU 310-2 of the forward port-side sec-
tion 350. The command signal may, for example, com-
prise an instruction to activate or deactivate a first motor
342-1 associated with the first PDU 310-1 or a second
motor 342-2 associated with the second PDU 310-2. The
command signal may also comprise a first address that
corresponds to the first location 313-1 or a second ad-
dress that corresponds to the second location 313-2. A
first unit controller 340-1 of the first PDU 310-1 may re-
ceive the command signal through afirst connector 344-1
and a second unit controller 340-2 of the second PDU
310-2 may receive the command signal through a second
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connector 344-2. Following receipt of the signal, the first
unit controller 340-1 and the second unit controller 340-2
may determine whether the command is intended to af-
fect operation of the first PDU 310-1 or the second PDU
310-2, respectively, by comparing a location address
contained within the signal to a known address associ-
ated with the respective PDUs. In various embodiments,
the first address associated with the first PDU 310-1 may
be stored in a first RFID device 346-1 and the second
address associated with the second PDU 310-2 may be
stored in a second RFID device 346-2. Additionally, a
ULD sensor, such as, for example, the ULD sensor 219
described above with reference to FIG. 2 may be dis-
posed proximate each PDU and configured to detect the
presence of a ULD as the ULD is positioned over or prox-
imate to the PDU. Accordingly, a first ULD sensor 319-1
may be disposed proximate or within the first PDU 310-1
and a second ULD sensor 319-2 may be disposed prox-
imate or within the second PDU 310-2.

[0041] Turning now to FIG. 4, a schematic diagram of
an agent-based control system 400 is illustrated, in ac-
cordance with the various embodiments. Agent-based,
as used herein, indicates that each of a plurality of PDUs
includes logic for self-control based on various status in-
dicators concerning the states of surrounding PDUs and
the locations of one or more ULDs. As described below,
the agent-based control system 400 may be employed
to control the loading and unloading of a ULD (e.g., the
ULD 320 described above with reference to FIG. 3A) by
selectively powering a plurality of PDUs 410 (e.g., the
plurality of PDUs 310 described above with reference to
FIG. 3A).

[0042] In various embodiments, the agent-based con-
trol system 400 includes a plurality of PDUs 402, such
as, for example, the plurality of PDUs 310 described
above with reference to FIG. 3A. In various embodi-
ments, the plurality of PDUs 402 may be arranged in a
first section 450 and a second section 452, such as, for
example, the forward port-side section 350 and the for-
ward starboard-side section 352, respectively, described
above with reference to FIG. 3A. In various embodi-
ments, each PDU comprising the first section 450 in-
cludes a PDU Agent. For example, a first PDU 410-1 of
the first section 450 includes PDU Agent N1, and an i-
th PDU 410-i of the first section 450 includes PDU Agent
N1;. Similarly, in the second section 452, a first PDU
411-1 includes PDU Agent N2, and an i-th PDU 411-i
includes PDU Agent N2,. Also included in the first section
450 and the second section 452 is a series of powered
latches. For example, a first powered latch 412-1 (Pow-
ered Latch N1;) and aj-th powered latch 412-j (Powered
Latch N1;) are arranged in the first section 450 and a first
powered latch 413-1 (Powered Latch N2,) and aj-th pow-
ered latch 413-j (Powered Latch N2j) are arranged in the
second section 452. In various embodiments, a powered
latch is positioned between each pair of adjacent PDUs.
[0043] The agent-based control system 400 may fur-
ther include an aircraft power and communication inter-

10

15

20

25

30

35

40

45

50

55

face 460. In various embodiments, the aircraft power and
communication interface 460 includes an AC/DC Con-
version module 462, a GUI Interface Server module 464
and a Wireless Relay module 466. The agent-based con-
trol system 400 is powered by a power module 468 which,
in various embodiments, may comprise a 115V AC power
source that may be supplied by the aircraft (e.g., from an
auxiliary power unit) or from a source external to the air-
craft. The agent-based control system 400 may further
include circuit breakers 469, a proximity sensor data
module 470 and an aircraft maintenance communication
module 471. In various embodiments, the circuitbreakers
469 serve to protect the agent-based control system 400
from power surges. The proximity sensor data module
470 is configured to receive sensor data concerning the
current state of each of the plurality of PDUs 410 distrib-
uted, for example, throughout the first section 450 and
the second section 452. The sensor data may, in various
embodiments, be transmitted to the aircraft maintenance
communication module 471 and then analyzed to deter-
mine whether maintenance is required for any of the plu-
rality of PDUs 410. In various embodiments, power from
the power module 468 (or circuit breakers 469) and data
from the proximity sensor data module 470 and the air-
craft maintenance communication module 471 may be
provided to the aircraft power and communication inter-
face 460 through a single aircraft connection 472 (e.g.,
an electrical plug) that combines a power bus 473-1, a
proximity sensor data bus 473-2 and an aircraft mainte-
nance communication bus 473-3 into a combined power
and data bus 473-4.

[0044] The agent-based control system 400 may fur-
ther include direct current supply interfaces, such as, for
example, a high-power DC supply interface 474 and a
low-power DC supply interface 475. In various embodi-
ments, the high-power DC supply interface 474 is con-
figured to provide a 270V DC power supply directly to
each one of the plurality of PDUs 410 and the low-power
DC supply interface 475 is configured to provide a 28V
DC power supply to a wireless network 476. In various
embodiments, each of the PDU Agents is powered by a
12V DC supply provided by their associated PDU follow-
ing conversion of the 270V DC power supply to the 12V
DC power supply. In various embodiments, the wireless
network 476 provides a communication network between
the PDU Agents within the plurality of PDUs 410 and one
or more operator interface devices, such as, for example,
a Wireless Mobile Operator Interface Device (WMOID)
477.Invarious embodiments, the WMOID 477 comprises
a hand-held communication device, such as, for exam-
ple, a smartphone or tablet device configured to commu-
nicate with the PDU Agents over the wireless network
476 through one or more wireless links 478. In various
embodiments, one or more wireless relays 479 provide
an interface between the WMOID 477 the various PDU
Agents through a power line communication bus 480 or
a controller area network bus 481. A joystick 482 which,
in various embodiments, may be permanently affixed to
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the aircraft, may provide an optional operator interface
to the wireless network 476.

[0045] Referring still to FIG. 4, operation of the agent-
based control system 400 may be described, in accord-
ance with various embodiments. An operator enters a
"goal" using, for example, the WMOID 477. In various
embodiments, the goal includes information concerning
the location where a particular ULD is to be positioned.
The goal is output from the WMOID 477 onto the wireless
network 476, received by one or more of the wireless
relays 479 and provided to the various PDU Agents via
the power line communication bus 480 or the controller
area network bus 481. In one non-limiting example, the
goal may provide instructions to transport a ULD from a
first location corresponding to the first PDU 410-1 of the
first section 450 to an i-th location corresponding to the
i-th PDU 410-i of the first section 450. In so doing, a series
of sensors, including afirst sensor 419-1, associated with
the first PDU 410-1, and an i-th sensor 419-i, associated
with the i-th PDU 410-i, locate the current position of the
ULD. In various embodiments, one or more of the series
of sensors may comprise the ULD sensor 219 described
above with reference to FIG. 2, though other sensors
may be employed. If the series of sensors confirm the
current position is the first location corresponding to the
first PDU 410-1, then the logic within each of the PDU
Agents in the first section 450 are employed to activate
a first drive roller (e.g., the drive roller 208 described
above with reference to FIG. 2) associated with the first
PDU 410-1 and deactivate the other drive rollers in the
first section 450. As the first drive roller transports the
ULD in the direction of the ith PDU 410-i, the ULD will
eventually disengage with the firstdrive roller and engage
with a second drive roller associated with a second PDU
in the first section 450. At that point, a second sensor
associated with the second PDU will detect the presence
of the ULD, causing a second PDU Agent to activate the
second drive roller and the PDU Agents associated with
the remaining PDUs to deactivate the associated drive
rollers.

[0046] Consistent with the above operational descrip-
tion, the ULD will eventually arrive at the i-th location
corresponding to the i-th PDU 410-i of the first section
450. An i-th drive roller then transports the ULD to an i-
th restraint device (e.g., the restraint device 214 de-
scribed above with reference to FIG. 2). The i-th sensor
will then detect contact or sufficient proximity between
the ULD and the i-th restraint device and then activate
the i-th restraint device in order to restrain the ULD in the
desired position. In various embodiments, the operation
then continues with subsequent ULDs being transported
from the first location corresponding to the first PDU
410-1 to the desired location specified in the goal and,
upon arrival at the desired location, activation of the ap-
propriate restraint device. While the foregoing describes
sequential loading and restraining of a plurality of ULDs
into the first section 450, un-restraining and unloading of
the plurality of ULDs proceeds in a similar operation, ex-
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cepting in reverse order.

[0047] Referring now to FIG. 5, a method 500 describ-
ing operation of an agent-based control system, such as,
for example, the agent-based control system 400 de-
scribed above with reference to FIG. 4 is described. In a
first step 502, an operator provides a goal to the agent
based control system using, for example, a wireless mo-
bile operator interface device. The goal includes a goal
location to store and restrain a ULD. In a second step
504, the goal is transmitted over a wireless network and
received by a wireless relay. In a third step 506, the goal
is provided to a plurality of PDU Agents associated with
a plurality of PDUs via a power line communication bus
or a controller area network bus, such as, for example,
the power line communication bus 480 or the controller
area network bus 481 described above with reference to
FIG. 4. In a fourth step 508, sensor data regarding the
current location of the ULD is provided to the plurality of
PDU Agents. In a fifth step 510, the plurality of PDU
Agents is employed to activate a drive roller associated
with the current location of the ULD and to deactivate the
drive rollers corresponding to all other PDUs. In a sixth
step 512, the ULD is sequentially transported over the
plurality of PDUs to the goal location via the PDU Agents
activating and deactivating drive rollers associated with
the plurality of PDUs inresponse to locational information
provided by the sensor data. In a sixth step 514, upon
arrival at the goal location, the PDU Agents are employed
to activate a restraint device to restrain the ULD from
further movement. Finally, in a seventh step 516, subse-
quent goal locations are provided in order to transport
and restrain additional ULDs to such goal locations.
[0048] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be presentin an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
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throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0049] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.

[0050] In various embodiments, system program in-
structions or controller instructions may be loaded onto
a tangible, non-transitory, computer-readable medium
(also referred to herein as a tangible, non-transitory,
memory) having instructions stored thereon that, in re-
sponse to execution by a controller, cause the controller
to perform various operations. The term "non-transitory"
is to be understood to remove only propagating transitory
signals per se from the claim scope and does not relin-
quishrights to all standard computer-readable media that
are not only propagating transitory signals per se. Stated
another way, the meaning of the term "non-transitory
computer-readable medium" and "non-transitory compu-
ter-readable storage medium" should be construed to ex-
clude only those types of transitory computer-readable
media that were found by In Re Nuijten to fall outside the
scope of patentable subject matter under 35 U.S.C. §
101.

[0051] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element herein is to be construed under
the provisions of 35 U.S.C. 112(f) unless the element is
expressly recited using the phrase "means for." As used
herein, the terms "comprises," "comprising," or any other
variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or appa-
ratus that comprises a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, ar-
ticle, or apparatus.

[0052] Finally, it should be understood that any of the
above described concepts can be used alone or in com-
bination with any or all of the other above described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
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scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims
1. A cargo handling system, comprising:

a conveyance surface;

a first power drive unit having a first drive roller;
a first restraint device;

a sensor configured to provide positional data
corresponding to a currentlocation of a unitload
device on the conveyance surface; and

a first power drive unit agent configured for com-
munication with the sensor, the first power drive
unit agent configured to selectively activate and
deactivate the first drive roller and the first re-
straint device based on the positional data.

2. The cargo handling system of claim 1, further com-
prising a second power drive unitand a second pow-
erdrive unitagent configured for communication with
the sensor, the second power drive unit agent con-
figured to selectively activate and deactivate a sec-
ond drive roller based on the positional data.

3. The cargo handling system of claim 2, further com-
prising a second restraint device and wherein the
second power drive unit agent is configured to se-
lectively activate and deactivate the second drive
roller and the second restraint device based on the
positional data.

4. The cargo handling system of claim 2 or 3, further
comprising an alternating-to-direct current conver-
sion module configured to provide a first source of
direct current to the first power drive unit agent and
the second power drive unit agent.

5. The cargo handling system of claim 4, wherein the
alternating-to-direct current conversion module is
configured to provide a second source of direct cur-
rent to a wireless network.

6. The cargo handling system of any of claims 2 to 5,
further comprising a power and communication in-
terface configured to receive maintenance data from
the first power drive unitagentand the second power
drive unit agent
wherein the power and communication interface is
in particular configured to receive the maintenance
data and a source of alternating current over a com-
bined power and data bus and/or wherein the cargo
handling system in particular further comprises a
wireless network configured to connect a wireless
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mobile operator interface device to the first power
drive unit agent and to the second power drive unit
agent.

The cargo handling system of any of the preceding
claims, further comprising a wireless network con-
figured to connect a wireless mobile operator inter-
face device to the first power drive unit agent.

The cargo handling system of claim 7, further com-
prising a second power drive unit and a second pow-
erdrive unitagent configured for communication with
the one or more sensors and with the wireless mobile
operator interface device.

The cargo handling system of claim 8, wherein the
wireless network comprises a wireless relay config-
ured to connect the wireless mobile operator inter-
face device and the first power drive unit agent and
the second power drive unit agent.

The cargo handling system of claim 9, further com-
prising at least one of a power line communication
bus and a controller area network bus configured to
connect the wireless relay to the first power drive
unit agent and the second power drive unit agent.

A method for storing and restraining cargo, compris-
ing:

generating a first goal location to store and re-
strain a first cargo;

transmitting the first goal location to a plurality
of power drive unit agents associated with a plu-
rality of power drive units;

transmitting sensor data regarding a current lo-
cation of the first cargo to the plurality of power
drive unit agents;

activating by one or more of the plurality of power
drive unit agents a first drive roller associated
with a first one of the plurality of power drive
units to move the first cargo toward the first goal
location;

sequentially activating subsequent drive rollers
associated with subsequent ones of the plurality
of power drive units to move the first cargo to
the first goal location; and

activating by one or more of the plurality of power
drive unit agents a first restraint device to re-
strain the first cargo to the first goal location.

The method of claim 11, further comprising gener-
ating a second goal location to store and restrain a
second cargo; transmitting the second goal location
to the plurality of power drive unit agents; activating
by one or more of the plurality of power drive unit
agents a first drive roller associated with a first one
of the plurality of power drive units to move the sec-
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ond cargo toward the second goal location; sequen-
tially activating subsequent drive rollers associated
with subsequent ones of the plurality of power drive
units to move the second cargo to the second goal
location; and activating by one or more of the plurality
of power drive unit agents a second restraint device
to restrain the second cargo to the second goal lo-
cation.

The method of claim 11 or 12, wherein the transmit-
ting the first goal location to the plurality of power
drive unit agents associated with the plurality of pow-
er drive units includes a wireless network configured
to connect a wireless mobile operator interface de-
vice and the plurality of power drive unit agents.

A system for storing and restraining cargo on a cargo
deck, comprising:

a conveyance surface positioned proximate the
cargo deck;

a plurality of power drive units, each having as-
sociated therewith a drive roller;

a plurality of restraint devices;

a sensor configured to provide positional data
corresponding to a currentlocation of a unitload
device on the conveyance surface; and

a plurality of power drive unit agents configured
for communication with the sensor, the plurality
of power drive unit agents configured to selec-
tively activate and deactivate the drive roller as-
sociated with each of the plurality of power drive
units and the plurality of restraint devices based
on the positional data.

The system of claim 14, further comprising:

a wireless network configured to connect a wire-
less mobile operator interface device to the plu-
rality of power drive unit agents, wherein the
wireless network in particular comprises a wire-
less relay configured to connect the wireless mo-
bile operator interface device and the plurality
of power drive unit agents via at least one of a
power line communication bus and a controller
area network bus,

an alternating-to-direct current conversion mod-
ule configured to provide a first source of direct
current to the plurality of power drive unit agents
and a second source of direct current to the wire-
less network; and

a power and communication interface config-
ured to receive maintenance data from the plu-
rality of power drive unit agents and a source of
alternating current over a combined power and
data bus.
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500

PROVIDE A GOAL LOCATION USING AN OPERATOR
INTERFACE DEVICE

502

v

TRANSMIT THE GOAL LOCATION OVER A
WIRELESS NETWORK

504

¥

PROVIDE THE GOAL LOCATION TO APLURALITY OF PDU

AGENTS VIA A PROGRAMMABLE LOGIC CONTROLLER
OR A CONTROLLER AREA NETWORK BUS

506

{

PROVIDE SENSOR DATA REGARDING THE
CURRENT LOCATION OF AULD IS TO THE
PLURALITY OF PDUAGENTS

508

L

ACTIVATE A DRIVE ROLLER ASSOCIATED WITH THE
CURRENT LOCATION OF THE ULD AND
DEACTIVATE ALL OTHER DRIVE ROLLERS

510

v

SEQUENTIALLY TRANSPORT THE ULD OVER THE
PLURALITY OF PDUS IN RESPONSE TO
LOCATIONAL INFORMATION PROVIDED BY
SENSOR DATA

512

{

UPON ARRIVAL AT THE GOAL LOCATION, ACTIVATE
ARESTRAINT DEVICE TO RESTRAIN THE ULD
FROM FURTHER MOVEMENT

514

Y

PROVIDE SUBSEQUENT GOAL LOCATIONS IN
ORDER TO TRANSPORT AND RESTRAIN
ADDITIONAL ULDS

516

FIG.5
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